For example, performance on tasks such as trialIn experiment 1A, we assessed medial temporal lobe unique delayed matching or nonmatching to sample reactivation in eight participants while they performed a quires the retention of a novel, complex visual stimulus delayed-recognition task with novel grayscale face stimacross a delay period (Mishkin and Delacour, 1975) .
For example, performance on tasks such as trialIn experiment 1A, we assessed medial temporal lobe unique delayed matching or nonmatching to sample reactivation in eight participants while they performed a quires the retention of a novel, complex visual stimulus delayed-recognition task with novel grayscale face stimacross a delay period (Mishkin and Delacour, 1975) .
uli (see Figure 1A) . On each trial, a sample face was Human and nonhuman primates with large medial temshown, and participants were asked to retain a mental poral lesions (including the hippocampus and surimage of the face over a 7 s delay period. Next, a probe rounding cortex) may exhibit intact performance on face was presented, and participants decided whether these tasks when the delays are very short (4 s or less) it matched the sample face. In accord with prior neurobut can exhibit deficits at delay lengths as short as 6-15 psychological studies, faces in the WM task were novel s (Aggleton et tasks with novel faces, in order to assess encoding and tasks. Outside of the medial temporal lobes, the left anterior inferior frontal gyrus (BA 47; x, y, z ϭ Ϫ30, 26, retrieval activation within the context of LTM tasks (see Figure 1B) . The stimuli and temporal parameters of the Ϫ10; t(7) ϭ 8.59, number of voxels ϭ 5), the right medial frontal gyrus (BA 9; x, y, z ϭ 4, 49, 30; t(7) ϭ 8.02, number LTM and WM trials were matched so that activity during these tasks could be directly compared. of voxels ϭ 2), and the left superior temporal gyrus (BA 22; x, y, z ϭ Ϫ68, Ϫ23, Ϫ10; t(7) ϭ 6.78, number of Behavioral results showed that participants were highly accurate at identifying same (M ϭ 97.7%, SD ϭ voxels ϭ 3) were reliably activated during the delay period of the WM task. As shown in Figures 2 and 3 , voxels 2.8%) and different (M ϭ 97.2%, SD ϭ 2.6%) faces on WM trials. Similarly, participants were able to accurately in the parahippocampal gyri extending into the fusiform gyri (BA 35/36/37) were activated during the encoding identify studied (M ϭ 88.9%, SD ϭ 7.9%) and novel (M ϭ 85.6%, SD ϭ 9.9%) faces on LTM retrieval trials. A twoand response phases of the WM and LTM tasks. Wagner et al., 1998) and returns to baseline 8-10 s after stimulus onset, suggesting that activity in the parahippocampal ROI was associated with encoding and retrieval of faces presented during both WM and LTM pattern of anterior hippocampal activity during the WM trial period was fully consistent with the statistical retasks.
Prior neuroimaging studies have reported medial temsults presented earlier.
It could be argued that the delay period activation we poral activation associated with encoding or retrieval of information ). The present results, observed in the hippocampus was a prolonged hemodynamic response solely associated with incidental enhowever, demonstrate that hippocampal activity can reflect the maintenance of information in the absence of coding driven by the presentation of the cue face. Alternately, the response could have reflected anticipation perceptual stimulation. Accordingly, our findings suggest that hippocampal activity plays a role in bridging of the upcoming test face during the memory delay. Evoked responses of this region during LTM trials, howmemory delays. But in light of the fact that anterior hippocampal activation is not frequently observed durever, were not consistent with these hypotheses. As shown in Figure 4A, stimuli we used were complex and novel. As stated 1A would be modulated by the novelty of information to be maintained. Furthermore, we predicted that the earlier, the medial temporal lobes may be more essential for WM for novel than well-learned stimuli. For example, anterior hippocampal region would be more active during maintenance of novel than well-learned information, patients with hippocampal lesions exhibit attenuated electrophysiological responses to novel stimuli (Knight, whereas the parahippocampal/fusiform region would be more active during encoding and retrieval of novel than 1996). Several functional neuroimaging studies have also demonstrated that posterior medial temporal rewell-learned information. We tested this hypothesis in experiment 2 by compargions are more active during encoding of novel than familiar information (Gabrieli et al. pal/fusiform region showed greater encoding and retrieval activity during novel than familiar trials.
Discussion
In experiment 1, we observed a double dissociation bestimuli. They performed the same task in the scanner, with novel, trial-unique stimuli on half the trials and cue tween the response properties of anterior hippocampal and parahippocampal regions. The hippocampus exhiband probe stimuli from the set of well-learned faces on the other trials. The trial order was randomized so that ited sustained delay period activation during WM trials, whereas the parahippocampal gyrus exhibited transient participants could not predict whether a trial would have novel or familiar faces as stimuli. activation during encoding and retrieval periods of both WM and LTM trials. We replicated the findings of experiBehavioral results from experiment 2 revealed a similar pattern of results to those observed in experiment ment 1A in experiment 2 and further demonstrated that activation in these regions was greater for novel than 1A. Behavioral results showed that participants were highly accurate at identifying matching (M ϭ 96.4%, for familiar faces. These findings suggest that medial temporal lobe activity associated with WM is modulated SD ϭ 3.0%) and nonmatching (M ϭ 97.6%, SD ϭ 3.3%) faces on trials with learned face stimuli. Similarly, particiby the novelty of the information to be remembered. The present findings strongly suggest that the hippopants were able to accurately identify same (M ϭ 97.2%, campus is engaged when novel information must be and fixed-effects statistical models, which offer increased statistical power but drastically limit the inferactively maintained. ., 1989, 1993) . Although no lesion study has of episodic retrieval that encouraged sustained recollective processing reported hippocampal activation (Elused an identical paradigm to the one presented here, our findings converge with some results indicating that dridge et al., 2000), whereas another event-related fMRI study using a similar paradigm but with a shorter trial the human medial temporal lobes may be necessary for the retention of complex, novel objects across comparaduration did not ( . Collectively, these findings cast doubt on the idea that the neural mechanisms of tual stimulation supported the active maintenance of novel faces in this study (Fuster, 1995) .
WM maintenance and LTM representation are distinct (Baddeley, 1986). Instead, our view is that WM mainteIf this is the case, why weren't anterior hippocampal regions activated during the LTM retrieval task in experinance is the outcome of controlled activation of distributed LTM networks (Fuster, 1995 selmo, 1999) . Of the few studies that reported hipposuggest that when novel information must be held in the active state, the hippocampus will be recruited. campal activation, most employed blocked-trial designs
Experimental Procedures
tions were reported using the stereotactic system and nomenclature of Talairach and Tournoux (1988). However, anatomical regions identified by coordinates on the MNI reference brain do not precisely Subjects Eight right-handed volunteers participated in Experiments 1A and correspond to regions identified by the same coordinates on slices from the atlas of Talairach and Tournoux (1988). 1B, and seven right-handed volunteers participated in Experiment 2. All volunteers were recruited from the University of Pennsylvania Group random-effects analyses were performed for each contrast of interest to test whether the mean of the individual subjects' t student community.
values at each voxel was reliably greater than zero. This analysis method enabled us to generalize results from this sample of subjects Procedure to the population from which they were drawn, in contrast to fixedIn experiment 1, participants performed alternating runs of a WM effects analysis methods, in which the entire sample of subjects task, a LTM encoding task, and a LTM retrieval task, schematically is treated as a case study. Accordingly, random-effects analysis depicted in Figure 1 . On each WM trial, a face was shown for 1 s, methods are less likely to reveal spurious activation when results followed by a fixation cross for 7 s, followed by a probe face for 1 from one subject diverge markedly from others in the rest of the s. A fixation cross was shown on the screen during the 13 s intertrial group ( curacy differed between the WM and LTM tasks in experiment 1, LTM encoding trial, participants were shown a face for 1 s and fMRI analyses were repeated using only results from trials on which instructed to pay attention to it in order to remember it for a later participants responded correctly. These results were no different test. A fixation cross was shown on the screen during the 21 s ITI.
than those obtained when all trials from each task were included, The unfilled delay between LTM encoding and retrieval runs lasted as can be expected given the high accuracy rates in both tasks. In ‫01-5ف‬ min. On each LTM retrieval trial, participants were cued with experiment 2, statistical analyses were performed on activity avera red fixation cross for 1 s, marking the beginning of a trial, followed aged within the anterior hippocampal and parahippocampal ROIs by a fixation cross for One concern in modeling activity during delay tasks is that neural activity limited to the cue period might produce a hemodynamic to remove frequencies above . 
